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Energy  Efficient  Motors 


This  TechData  Sheet  is  intended  to  help  activity 
personnel  identify  cost  effective  energy  projeas 
for  energy  efficient  motors.  With  this  guide  an 
energy  manager  can  identify  when  an  energy  effi¬ 
cient  induction  motor  should  be  used. 

MOTOR  TYPES  AND  EFFICIENCIES 

Motor  Types 

There  is  a  wide  variety  of  motor  types.  One 
way  to  categorize  them  is  by  their  elearical  source. 
DC,  single  phase  AC,  or  three  phase  AC  electrical 
supplies  are  the  most  common.  Examples  of  each 
are: 


DC 

Shunt  wound 

Series  wound 

Compound  wound 

AC  - 1  Phase 

Repulsion 

Induction 

Repulsion-induaion 

Series 

AC  -  3  Phase 

Induaion  (Asynchronous) 
Synchronous 

Another  way  to  categorize  motors  is  by  their 
application  or  load.  Loads  can  be  classified  into 
solids,  liquids,  and  gasses  (e.g.,  elevator  systems, 
water  pumps,  and  HVAC  fen  systems,  respectively) 
and  define  such  specifications  as  horsepower,  speed, 
and  torque  design  characteristics.  Speed  classifica¬ 
tions  are: 


•  Constant  Speed 

•  Adjustable  Speed 

•  Multi  Speed 

•  Varying  Speed 

•  Adjustable  Varying  Speed 

The  load  connection  configuration  defines  speci¬ 
fications  such  as  vertical  or  horizontal  shaft  posi¬ 
tion,  pulley  or  direa  drive,  and  speed.  The  envi¬ 
ronment  defines  motor  specifications  through  am¬ 
bient  conditions  and  human  factors.  Ambient  con¬ 
ditions  such  as  humidity  and  ventilation  define  the 
needed  enclosure  type  and  cooling  methodology. 
Human  factors  such  as  accidents,  failures,  or  er¬ 
rors  define  specifications  such  as  splash  proof  pro¬ 
tection.  Common  open  or  totally  enclosed  enclo¬ 
sures  are: 


Open 

Totally  Enclosed 

Drip  proof 

Non-ventilated 

Splash  proof 

Guarded 

Fan  cooled 

Fan  cooled  guarded 

Semi-guarded 

Explosion  proof 

n 

□ 

Drip  proof  guarded 

Dust  ignition  proof 

Externally  ventilated 

Pipe  ventilated 

Pipe  ventilated 

Water  cooled 

— 

Weather  proteaed. 

Water  air  cooled 

types  I  and  II 
Encapsulated  windings 

Air-to-air  cooled 

Sealed  windings 

S 

M\  I 
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Motor  Efficiencies 


The  standards  for  energy  efficient  motors  apply 
only  to  induaion  motors.  This  data  sheet  addresses 
only  induction  motor  applications  which  are  the 
most  common.  Motor  efficiency  is  defined,  in  its 
simplest  terms,  as  delivered  shaft  power  divided 
by  electrical  input  power.  Not  all  of  the  electrical 
input  is  converted  to  mechanical  power.  The  asso¬ 
ciated  losses  determine  the  efficiency  of  a  motor. 
Motor  losses  are  attributable  to  load  independent 
and  or  load  dependent  causes.  Typical  losses  and 
their  usual  range  as  a  percent  of  total  loss  are 
given  below: 


Category 

Loss 

(%) 

Contributing  Factors 

Core  (Iron) 

15-25 

Type  and  design  of 
core  material 

Friction/Windage 

5-15 

Bearings  and  fan 

Stator  FR 

25-40 

Stator  conductor 
impedance 

Rotor  PR 

15-25 

Rotor  conductor 
impedance 

Stray  Load 

10-20 

Manufacturing  and 
design 

Motor  Loss  Categories 

The  National  Elearical  Manufacturers  Associa¬ 
tion  (NEMA)  established  standards  for  motor  effi¬ 
ciency.  Following  NEMA  standard  for  induction 
motors,  efficient  motor  designers  and  manufactur¬ 
ers  have  improved  overall  motor  performance  with 
respect  to  nominal  efficiency  and  power  factor. 
Nominal  motor  efficiencies  are  defined  by  the 
American  National  Standards  Institute  (ANSI)  test¬ 
ing  standards  C50.20. 

WHEN  TO  BUY  ENERGY  EFFICIENT 
MOTORS 

Energy  efficient  motors  should  be  considered  in 
the  following  circumstances: 

CASE  I  -  When  a  new  motor  is  being  purchased 


CASE  II  -  When  considering  rewinding  a  failed 
motor 

CASE  III  -  When  an  existing  motor  is  operating 
inefficiently 

The  potential  electricity  saved  is  dependent  on 
the  horsepower  (hp),  speed,  and  percent  load  of 
the  new  and  existing  motors  as  defined  in  Equation 
1. 

kW 

E.  =  0.746—  HP  (1) 

where: 

Ej  =  energy  saved 

HP  =  horse  power 

=  efficiency  of  standard  motor 
=  efficiency  of  standard  motor 

The  potential  dollars  saved  can  be  calculated  by 
multiplying  the  energy  saved  in  kW  by  the  cost 
per  kWh  by  hours  of  operation  per  year. 

D3  =  (E3)  (C^  (H^)  (2) 

where: 

D5  =  dollars  saved 

Ej  =  energy  saved 

Cg  =  cost  of  elearicity  in  $/kWh 

=  hours  of  motor  operation  per  year 

For  CASE  I  the  simple  payback  can  be  calcu¬ 
lated  by  subtracting  the  cost  of  the  existing  stan¬ 
dard  motor  from  the  cost  of  the  efficient  motor 
and  dividing  the  difference  by  the  dollars  saved 
per  year.  For  CASE  II  the  simple  payback  can  be 
calculated  by  subtraaing  the  cost  of  rewinding  the 
existing  standard  motor  from  the  cost  of  the  effi¬ 
cient  motor  including  all  associated  costs  and  di¬ 
viding  the  difference  by  the  dollars  saved  per  year, 
calculated  from  Equation  (2).  For  CASE  III  the 
simple  payback  can  be  calculated  by  subtracting 
the  cost  of  operating  the  existing  standard  motor 
inefficiently  from  the  cost  of  the  efficient  motor 
including  all  associated  costs  and  dividing  the  dif¬ 
ference  by  the  dollars  saved  per  year.  Equation  (3) 
summarizes  the  payback  calculation. 


Ds 

where: 

P  =  simple  payback  in  years 

C... .  =  efficient  motor  costs 

high 

C^.  =  standard  motor  costs 

Std 

Dj  =  dollars  saved  per  year 

An  efficient  motor  typically  has  a  higher  start¬ 
ing  current  than  a  standard  motor  and  the  potential 
effects  on  the  motor  power  circuits  should  be  ana¬ 
lyzed.  An  efficient  motor  typically  operates  at  a 
faster  speed  than  a  standard  motor.  Particular  con¬ 
sideration  should  be  given  to  the  actual  operating 
rpm  specified.  In  some  cases  although  the  efficient 
motor  is  operating  more  efficiently  the  faster  speed 
requires  more  energy  to  operate  and  could  result 
in  a  net  increase  in  energy  expense,  eliminating 
the  cost  effectiveness.  For  CASE  I  applications, 
speed  sensitive  loads  should  be  considered  care¬ 
fully. 

For  CASE  II  applications,  special  high  efficiency 
rewinding  can  yield  a  higher  than  manufactured 
efficiency  for  a  standard  motor,  but  will  still  be 
less  than  the  NEMA  12-6C  efficiency. 

For  CASE  III  applications,  motor  system  con¬ 
sultants  usually  only  consider  motors  with  operat¬ 
ing  hours  in  excess  of  2,000  hours  per  year.  Ap¬ 
plications  such  as  emergency  fire  water  pumps  and 
back-up  motors  are  only  operated  a  few  hours  a 
year. 

To  further  define  CASE  III,  Tables  1  and  2 
show  the  minimum  operating  hours  required  to 
yield  simple  paybacks  between  2  and  10  years. 
Values  are  calculated  at  elearical  rates  between 
$0.03/kWh  and  $0.10/kWh.  Table  1  is  for  Open 
Drip  Proof  (ODP)  enclosure  motors  and  Table  2  is 
for  Totally  Enclosed  Fan  Cooled  (TEFC)  and  Ex¬ 
plosion  Proof  enclosure  motors.  The  tables  are 
provided  so  that  the  user  can  quickly  identify  po¬ 
tential  motor  projeas  and  eliminate  from  consider¬ 
ation  most  of  the  motors  with  a  long  or  no  payback. 
The  assumptions  include: 

•  The  motors  are  at  75%  of  rated  load  since 
motor  efficiency  is  usually  the  highest  at  75%  of 
rated  output. 


•  The  efficient  motor  is  at  nominal  efficiency 
defined  by  NEMA  12-6C. 

•  The  standard  motor  is  at  the  average  of 
the  nominal  efficiencies  of  currently  manufactured 
motors  that  do  not  meet  NEMA  12-6C. 

•  The  user  would  choose  an  ODP,  TEFC, 
or  explosion  proof  enclosure. 

•  The  demand  charge  and  the  incremental 
speed  increase  can  be  ignored. 

To  use  the  payback  tables,  locate  the  horse¬ 
power  rating  and  speed  rating  in  the  appropriate 
columns.  Identify  the  columns  that  are  within  your 
approximate  energy  charge  in  $/kWh.  The  col¬ 
umns  labeled  with  2,  3,  4,  or  5  indicate  the  simple 
payback  years.  The  minimum  annual  hours  of  op¬ 
eration  are  included  within  the  matrix.  In  the  tables, 
spaces  marked  with  a  dashed  line  ( — )  indicate  that 
even  constant  operation,  8,760  hours  per  year, 
would  not  yield  a  payback  in  the  number  of  years 
listed.  For  example  replacing  an  existing  standard 
motor  with  an  efficient  motor  that  is  rated  a  40  hp 
and  1,800  rpm  operating  in  a  facility  with  an  ap¬ 
proximate  energy  charge  of  $0.08/kWh  would  re¬ 
quire  at  least  3,598  operating  hours  per  year  to 
yield  a  simple  payback  of  4  years. 

Both  tables  show  an  increase  in  efficiency  of 
approximately  5%.  All  tables  in  this  article  were 
generated  using  the  Washington  State  Energy 
Office’s  Motor  Master  software.  In  general,  incen¬ 
tives  offered  by  motor  distributors  and/or  electric 
utilities  will  yield  a  shorter  payback.  For  example, 
a  10%  discount  on  motor  price  can  reduce  the 
simple  payback  period  by  0.2  to  0.3  years.  Some 
typical  rebates  available  from  utilities  around  the 
country  are: 


Horsepower  at  1,800  rpm 

Rebate  ($) 

10 

140 

20 

260 

40 

430 

50 

500 

75 

730 

100 

920 

200 

1,300 

Table  1 .  Hours  of  operation  at  various  electrical  rates  and  paybacks 
for  open  drip  proof  enclosure  motors. 


Horse 

Power  RPM 
'  — 


At$0.03/kWh 
Paytack  in  Years 
^  5  6  7  8 


At$0.04/kWh 
Paytack  in  Years 
5  6  7 


Table  1  (Cont).  Hours  of  operation  at  various  electrical  rates  and  paybacks 
for  open  drip  proof  enclosure  motors. 


Table  2.  Hours  of  operation  at  various  electrical  rates  and  paybacks  for  totally  enclosed, 
fan  cooled,  and  explosion  proof  enclosure  motors. 


Horse 

Power  RPM 

TF 


At  $0.03/kWh 
Payback  In  Years 
5  6  7 


At  $0.04/kWh 
Payback  in  Years 
5  6  7 


9  10  I 


Table  2  (Cont).  Hours  of  operation  at  various  electrical  rates  and  paybacks  for  totally  enclosed 
fan  cooled,  and  explosion  proof  enclosure  motors. 


Horse 

Power 

RPM 

At  $0.07/kWh 

Payback  In  Years 

2  3  456  789  10 

At$0.08/kWh 

Payback  in  Years 

23456789  10 

1C 

i= 

— 

i  68331  54661  4555 1  3904 

3416(3037(2733 

!  79701  5978 

I  4782I  39851  3416!  29891  26571  2391! 

7563 

!  5673  !  45381  3782 

3241 

2836)2521(2269 

66301  4973 

3978 

i  33151  2841!  24861  22101  1989 

20 

IQQ* 

— 
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j  6548  (  52381  4365 
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327412910(2619 

76201  5715 

4572 

j  381  Oi  32661  28531  25401  2286 

6833 

51251  41001  3417 

2929 

2563  2278(2050 

59871  4480 

3592 

r^931  25661  22451  19961  1796 

40 

11^ 

BUL 
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64151  51321  4277 

3666 

75031  5628 

4502 

37521  32161  281 4 1  25011  2251 

^^9 

6337 

4753  !  38021  3168 

2716 

1 2376 1 211 2  1901 

8325 

55501  4163 
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2775  j  23791  20811  1850!  1665 

50 

nrR«l 

— 

8670 

65031  52021  4335 

3716 

13251(289012601 

7593 

5695 

4558 

3797  (  32541  28481  2531 1  2278 

6190 

4643  37141  3095 

2853 

2321 

2063  1857 

8150 

5433 

4075 

3260 

2717  (  23291  20381  1811 1  1630 

75 

KiiiSi 

a— 

8436 

7381 

6561  5905 

86001  73711  6450)  57331  5160 

7623!  60981  5082 

4356 

3811 

3388  3049 

6658 

5326 

44381  38041  33291  29591  2663 

^^9 

67231  53781  4482 1 

3841 

3361 

2988  2689 

7827 

5870 

4696 

39131  33541  2935)  26091  2348 

100 

7140 

57121  4760 

4080 

3570 

3173  2856 

8320 

6240 

4892 

41601  35661  31201  2773!  2496 

^^3B3 

8148 

6518 1  5432 

4656 

4074 
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200 

- 1 - 
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15080 

4516  4064 

EJ“j| 

wsm 

■""j 

84281  70221  6019 
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5266 

4194 
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3728  3355 

— 
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ilAOr)!  illQII  1 
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■" 
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«>Ti1 

i  — 
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— 
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gniin 

i  ^ 
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55541  4628!  3967 
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3086(2/// 

80871  60651  48521  40431  34661  30331  26961  2426 

400 

- 1 - 1 

— 

88301  73581  6307 

5519 

4806  4415 

- } 
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3601 13241 
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Horse 

Power 

RPM 

At$0.09/kWh 

Payback  in  Years 

2  3  456  789  10 

At$0.10/kWh 

Payback  in  Years 
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If  you  feel  you  have  a  feasible  project  after  reviewing  the  data  in 
Tables  1  and  2,  please  contact  your  EFD  or  NFESC.  These  agen¬ 
cies  will  assist  you  in  validating  your  project  and  preparing  the 
ECIP/ECAP  documentation. 


If  you  have  any  questions  about  efficient  motors,  please  contact: 

Gene  Crank,  Code  ESC22,  NFESC 
(805)  982-5589  or  DSN  551-5589 


